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The planing characteristics, as determined by tank tests, 8s8 pre- 
sented f o r  three surfaces  representative of -dr~-skL f o r m .  One surface 
wa8 of rectangular plan form w i t h  a f lat  bottom, the second surface had a 
rectangular plaq f o m  w f t h  transversely curved  bottom and. the third 
surface had a flat  b o t t m  but x88 triangular in plan form The range of 
trims investigated was bo to 20'. me data are presented in the form of 
plots of load, resistance, trhmlng mcanent, and draft against wetted 
mea. mots of wetted length, wetted area f o m  of tha observed m t t e d  
length a t  the chlne, and aeroQmmLc t a re  forces are included. 

The use of retractable plstnlng surfaces,  called hg&o-slda, f o r  
supportlng jet-propelled water-based mlplanes during the high-speed p a r t  
of their take-offs and lanainga, was proposed in reference 1. The 
resulta of sane p r e m m r y  tests of modela f i t t e d  wit& hgdro-skis are 
presented i n  references 1 an& 2 . 

Hydro-skis are intended t o  be parts  of the alrpFLne which can be 
extended f o r  lanaing and "off. Slnce the skia cams from t he  fueelage 
which i E  generally rounded o r  the wing which is more or less flat, the 
skie also WiU. generally have rounded or flat cross sect;ans . Though: 
same data are available on flat rectangular pla.u5ng surfaces (see refer- 
ences 3 and &), the  range of trime is limited.  Practically no data are 
available on the characteristics of p W n g  surfaces with convex cross 
sectiam or plan folms other t&an rectangles 

Information as t o  the effects of plan f o m  and cross-sectional 
curvature  should  therefore be an aid In d e s a  hydro-elds and hydro- 
ski arrangements. Because of this, an investigation was initiated at  
Langley tank no. 2 to determine the characteristics of planing surfaces 
of several plan form and transversely curved bottom This paper pre- 
sent8 the results of some planing tes ts  of three such surfaces. For  con- 
venience in locating the data- presented, an index of f i w e s  is presented 
i n  table 1. Because of current interest of t h e  Air Force and the Bureau  
of Aeronautics in obtaining data pertaining to hydro-skfg, t h e  data in 
this paper are presented without analysis o r  discussian t o  make it avail- 
able  as quickly as possible. - 
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The principal details of the models teeted are given In figures l 
to 3. Model 25C?A had a f la t  bottam surface and a rectangular  plan form. 
Model 250B had a rectangular form but the bottam was curved in cross 
section. Model 250D had a flat bottam and a iziecngular plan fom; it 
w a s  tested with the base of the t r i ang le  forward (leading edge) . A l l  
models had the same plan-form area (0.347 sq f t )  ana w e r e  made of solid 
mahogany. The qpper surface was arbitrari ly  faired by making a l l  the 
longitudinal  sections  circular arcs w i t h  a height a t  the center of 5 per- 
cent of the chord which  forms the bot-  of the section. 

The testfl were made on the muall model towing gear in langley tank 
no. 2. The test setup is shown in figure 4. 

Two lenticular  struts supported the mo&U fmm a trhming maansnt 
Qnmumeter which was fastened  to  the tcrwing staff% A phosphor bronze 
strap in the Qmmom-t;er res-tsained the model in trim. Electrical strah 
gages fastened to  this strap  indicated the trhming mament encountered. 
The towing staff was frae a in r i s e  and the vsrtical  load was m e d  
by couuterbalanchg. Changes in draft were read by means of a disc and 
pointer arrangement which .mechanically magnified changes in the vertical  
position of the s t a f f -  - Iche guides f o r .  the staff, yere cannected t o  the 
resistance Qmmamter. This dymmmeter coneieted of a cantilever 
spring, the deflections of which were magnified by an optical system. 

General 

The tes ts  consisted of tarin@; the modela a t  various speeds and 
loads, at fixed trims of 40, 8O, Eo, 16O, and 20°. A sufficient number 
of loads were chosen a t  each trim t o  define the variations of resistance, 
trhnmbg maansnt, +d l l r a f t w i t h  yettea length. The maximum speed was 
determFned by the measuring l imits of - t h e  equi+nt  and ranged frm 30 
t o  35 feet per second. The minimum speed was set at  10 feet per second 
since  hdlcatiom were thatbeluw this speed satisfactory  planing data 
could not be obtained w i t h  these models. Resistance, trttum3xug mmnt, 
draft, and wetted length were read. Draft is the depth of the t ra i l ing 
edge of the model  below the free-water  surface. Trjmrnlng moment was 
mea8ured about an arbitrary  point above the model and from the measured 
results the trimning m n t  about  the trailing edge a t  the canter line 
of  the model was calculated. 

Wetted Length 

The wetted length read w88 the dist+nce fkcm the t ra i l ing  edge of 
the model t o  the Fntemection of the dynamic solid water bo- with 

0 
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Due to 8 forward curvature of the so l id  water b0umbz-y the wetted 
len& at the center Une of all mdele was greater than t h e  observed 
wetted length. The manner in which W s  curvature  vwied w l t h  the models 
and their wetted length, t;r3m, and speed was datermined fKun un&rwater 
photograihs . 

The s l i g h t   c m t u r e  of the soUd water boundary on model 25QA 
(rectangular p ~ a s  form, flat  bottnm) gave a f m m ~  m e r e m e  between 
the wetted length at the center llne and t he  observed wetted length. 
This dif'ference w88 withln the erperimenw  scatter of the test data 
oatainea, and therefore WaB not considered. 

Due t o  the transveree  bottan c n t m  of mods1 25OB, the difference 
in t31e two wetted lengths varied  coneiderably Kith .trim. However, the 
difference was less than that which muld'be indicated by the intersection 
of the water surface with the curved bottcm emface of the mdel a t  rest 
aa is shown in figure 5. P-e 6 indicates the difference in the wetted 
length at the center llne and the observed wetted length at the chine . 

For m B e l 2 5 0 D  (trriangular plan form, flat bot&) the dynamic water 
line was 3n the form of a n  arc havltng a r a t i o  of mid-ordinate t o  chord 
(beam} equal t o  o -10 w i t h i n  the range of trims and epee& covered tn 
these tests this r a t i o  dld not mzy appreciably. Became of the trian- 
guUr  plan form of the  mdel the chord of t h i s  m c  and  therefore the mid- 
ordinate, varied w i t h  wettea length or wetted cma. Figure 7 ah- the 
resulthg difference in the wetted length at -the center line and the 
observed wetted length at the chine. 

Wetted Area 

The wetted area ie deflned 88 the wetted plan-form area. This area 
w a ~  determinsd f r a n  the plas form of the made-, the observed wetted 
lengt21 a t  the ch.ine, and the a d d i t i a a l  wetted area forward o f  the 
observed wetted lengXh. The addittianal wettad mea forward of We 
observed xetted length WBB detem3ned f m  t h e  underwater photographs. 

The wetted m a  forward of the observed wetted length varied in 
the same manner 88 t h e  wetted length forward of the observed wetted 
length. The "additional ama lnvolved was neglected f (xp model 250A. The 
m a  involved for model 250B m i e d  appreciably only w i t h  t r im and 1s 
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given in  fie;ure 8 (a) . The area inyolved f o r  model 250D varied appreci- 
ably only with  wetted length (ar wetted area) and is given Fn figure 8(b) 
plot ted a & m t  tow wetted area. 

Aerodynamic Tares 

The aerodynamic tares for   res is tance,  moment, and Lift were deter- 
mined for all trims * The a e r o d p m i c  drag and mrrmen.t were deknnined 
with the model at tached  to  the towing gear, w3th the model removed, and 
w i t h  the model and strut atructure remved (tow- staff d a t e )  When 
the model W ~ E I  at-t;ached it was positioned  approximately om-half inch 
above the water. When the model was removed t h e  posit ion of ths staff 
and s t r u t s  was the s m  as when the model waa attached. With the s k u t  
structure a U o  removed, t he  drag was measured at psitiom of the staff 
to cover the range f o r  the drafts obtained in  - the tests. The aerodynamic 
moment tams were found t o  be negligible- for all models . 

The aeroaynamic drag of the geax --half inch above the zero &aft 
posit ion  but with the model removed was the same for all mdeb and did 
not vary appreclably w i t h  trim. This drag, plus the incrementa due t o  
change in draft (as determined from the rune made with the staff d o n e )  
is given in figure 9. 

The aerodynamic drag of  the gear one-half’ inch above the zero draft 
position and with the  model attached m e  found to be the 881318 for 
models 25OA and 250B. Iter variat ion with t r lm  m a  negl ig ib le   for  theae 
Inode18 but   not  for model 25OD. The diff”erence in the drags w i t h  apd 
without the model attached w a ~  considered t o  be the aerodynamic drag of 
the model alone . The a e r o d p m i c  drag correction for the male1 alone 
waa a a s k d  t o  be equal to the r a t i o  of the mwetted plan-form area t o  
the t o t a l  plan-form area multiplfed by the total aerodynamic drag of the 
model alone. This correction is given in figure 10 for m o d e l s  25aA 
and 250B and in figure ll for model 250D. These values, in addition t o  
those f o r  the g e q  alone, w e r e  subtracted as tare correctione from all 
the resistance data bef o m  plotting. 

The aemdpamlc l i f t  was determined by combr3alancing the model 
in the air at zero speed, then running a t  the desired q e e d s  and trlms 
ana addin@; weight until t h e  model moved aownm, then removing the 
weights mtfl the model moved lzpward. B e  average of these  two weight 
limits was cons ibred  t o  be the ltft. This lift, which varied appreci- , 

ably with trim, was the same f o r  modela 250A and 25OB but dif’ferent 
f o r  model 250D. .The aerodymm3c lift correction was also determFPed 
as a function ofunwetted ax%&. in the E- m e r  as f o r  the aerodynamic 
drag; it ie given in figure 12 for models  25OA an&. 250B and in figure 13 
f o r  m a i d .  250D. . The values given mre  subtracted as tare corrections 
from -Idle values o f l o a d  applied  to the modele . 

. 
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The results are presented in the form of p lo ts  of the load on the 
water, resistance, tr-fmm-in mament, and draft against total wetted m e a  
with speed and t z f m  as pammeters. Figures 14 to 17 give the results 
for  the rec-tangular surface w i t h  a fat bot& (madel 2%) ~ f g u r e s  18 
t o  21 a r e  f o r  the rectangular surface with curved bottom (model 250B) 
and f igures  22 t o  25 are f o r  the fxiangULa3: surface with a f la t  bottom 
( m b l 2 5 0 D )  

From the procedure described, t he  quantities in the figures axe 
defined as f o l l m :  

(e) wetted area is the w e t t e d  pa - f amn  area cranputea fram the plan 
form and the observed  wetted length at -@e chine plus t he  w e t t e d  area 
forward of the observed wetted length (fig. 8) The latter was 
negligible f o r  model 250.A- 

(f)  Wetted length at  the chhe  is  the obsemed length from t h e  
trail- edge of -the model to the intersect ion of the m c  so l id  
water boundary with the chine. The wetted length at the center l i n e  
was appreciably greater for models 250B and 250D. (See f igs .  6 and 7. ) 

. 
Langley Aeronautical Laboratcry 

National Aaviaory Cammittee far Aeronautics 
Langley A i r  Force Base, Va. 
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Figure 
Details of rectangular planing surface wfth.fLat betta; 

model  250A . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Detaih of rectangular plmfng emface ~5th traneverse bottam 

curvature; m o d e l  25OB . . . . . . . . . . . . . . . . . . . . .  
Details of triangular planing surface w i t h  f l a t   b o t t a j  

model 250D . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Photograph of teat   setup . . . . . . . . . . . . . . . . . . . . .  
Undekwater photograph of model  250B a t  trim of 4' . . . . . . . .  
Variatim of wetted at chine and at model center line with 

wetted  area fo r  model 250B . . . . . . . . . . . . . . . . . . .  
Variatian of  wetted lengths a t  chine and a t  . model center line with 

wetted  area f o r  model 25OD . . . . . . . . . . . . . . . . . . .  
Wetted area forward of the observed wetted length f o r  mode- 2 5 0 ~  

Aerodynamic drag of gear lees model . . . . . . . . . . . .  
Aerodynamic drag of models 25aA and 25OB . . . . . . . . . . . . .  
Aerodyaamic drag of model 250D . . . . . . . . . . . . . . . . . .  
Aerodynamic lift of models 2% and 250B . . . . . . . . . . . . .  
Aerodynamic lift of model 250D . . . . . . . . . . . . . . . . . .  
Variation of  load w i t h  wetted area j model 250A . . . . . . . . . .  
V a r i a t i o n  of resistance with wetted  area; model 2% . . . . . . .  
Variation of moment wiw wetted  area; model 250A . . . . . . . . . .  
Variation of draft with wetted area; model 2 5 ~ ~  . . . . . . . . .  
Variatim of load w i t h  wetted area; model  250B . . . . . . . . . .  
Variation of 333shtaIlCe w i t h  wetted  area; model 25013 . . . . . . .  
Variation of moment with wetted  area; model 25OB . . . . . . . . .  
Variation of draft with wetted area; model 2 5 0 ~  . . . . . . . . . .  
Variation of load w i t h  wetted area; model  250D . . . . . . . . . .  
Variation of resistance w i t h  wetted  area; model 250D . . . . . . .  
Variation of moment w i t h  wetted area; model 250D . . . . . . . . .  
Variation of draft w i t h  wetted m a ;  model 2 5 0 ~  . . . . . . . . .  
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Figure 3. - Details of triangular planing surface with f l a t  b o t t o m  (model 260D) . 
(All dimensions are in feet.) - 
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mical static waterline. 

Typical dynamic waterline. -597 

Figure 5 - Underwater photographs of  model 2 5 0 ~  at trim of 4 O .  

-L 





0 

.1 02 
T o t a l  w e t t e d  area, sq ft 

( 4  T = to. 

.3 .t 

.1 .2 03 
Tota l  wetted area, sq ft 

(b) T = 8 O .  

F i g u r e  6.- Variation of wetted lengths at chine and at model centerline 
with we$ted 



16 NACA RM NO. ~ 9 ~ 0 3  

.1 .2 03 
T o t a l  netted area, sq ft 

( c )  ?= 12". 

01 02 -3 
T o t a l  wetted area, sq ft 

.4 

(d) 7 16'. 

Figure 6 .- Continued. - 



t 

NACA RM NO. L9C03 

J 

.1 *2 *3 
T o t a l  wetted area, sq ft 

Figure 6 .- Concluded. 

II: 



18 

.L 

NACA RM NO- LgC03 
4 

.1 .2 03 
Tota l  w e t t e d  area, sq ft  



0 
0 & 8 12 16 20 

Trim, dog 

(a)  del 2%. 

.03  

.02 

.01 

0 - 
0 .I .2 -3 

T o t a l  wetted area, sq ft 
-4  



20 

.60 

.20 

10 20 ' 30 

Figure 9.- Aerodynamic drag of towine; gear less model. - 



1 

NACA RM NO. ~ 9 ~ 0 3  21 

.30 

.25 

m 2 0  

t-l 
P 

m 

.10 

05 

0 
0 10 15 20 25 30 35 

Speed, fps w 
Figure 10.- Aerodynamic drag of m o d e l s  2 5 0 ~  and 250~.  - 



22 

.30 

.25 

.20 

15 

la 

.05 

0 

v 
._ 

t 

" 

20 25 
Speed, fpb 

(a) 7 = 4 O .  

a rea  

35 

I 

c 

Figure  11.- Aerodynamic drag of model 250D. 
& 



NACA FM No. LgCO3 

Speed , fps 

(b) T = 8 O .  



24 

.30 

15 

NACA Rpll NO* LgC03 

20 25 
Speed, fips 

30 35 

. 

Figure 11.- Continued. 
t. 



NACA RM NO. LgCO3 

0 3c 

.2E 

.2c 

a 1c 

. 05 

C 
0 

Speed, fps 

(a) T = 16'. 

Figure 11.- Cont ued. d 



26 NACA  RM NO. LgC03 

. 30 

.20 

.w 3 .IS ca 

.10 

Ii 

10 15 20 25 
Speed, fpa  

( e )  T = ZOO. 

30 

Figure U.- Concluded. 

1 ft) 
0 

05 

,lo 

15 

,20 

.25 

-30 

35 



.35 

.30 

.25 

.20 

d 

.15 

.1c 

. OE 

C 
1 15 20 25 c 

Speed, f pa 

Wetted area 
(sq ft) 

Figure 12.- Aerodynamic lift of m d d s  2SOA and 250B. - 



28 

.35 

.30 

.25 

.20 
P 
rl 

u 
bi 
rl 

.L 

GI .15 

.10 

05 

0 

Speed, f p s  

(b) 7 = 12*. 

Figure 12.- Continued. - 



. 

.35 

.30 

.10 

0 

0 ' .  

.. . 

10 15 20 25 
Speed, f p s  

30 35 

( c )  7 = 2.6'. 

Figure 12.- Continued. 
-. 



30 

.35 

.30 

.25 

.20 

.10 

.05 

0 

00 

0 10 15 

area 

20 25 
Speed, f p a  

30 35 =-igy 

Figure 12.- Concluded. 
" 

c 



KACA RM NO. ~5x03 

1 
We tt 

(sq ft) 

"30 

1 10 15 20 25 30 35 
Speed, fp8 .-q 

ed  area 



32 

.35 

30 

.25 

.20 

rl 
P 

.I 

G 
d 

.15 

.10 

.05 

C 

F i g u r e  13.- Continued. - " 



.3c 

.25 

920 

.10 

.05 

.05 

.10 

15 

.20 

3 5  

.30 

Figure l.3.- Continued. 

,- 



34 

.35 

. 30 

-25 

.20 
P 
rl 

.la 
. 
2 
14.15 

. 10 

. 05 

0 

7 
7 

0 

L' 

r' 

- 
C.- 

0 10 15 20 25 30 
Speed, fps 

(d) T = 20'. 

35 

. 05 

.10 

.15 

020 

.25 

30 

Figure-ded. 



NACA RM NO* L9C03 35 

Figure 14,- Variation o ted area, Model =A. 
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Figure 16.- Variation of d area, Model =A. . 
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Figure 18.- Variation of ed area. Model m. 
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Figure a0.- Continued. 
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